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Abstract: This paper reports on an ultrashort pulse femtosecond fiber laser based on mode-locking with a two-seg-
ment spliced erbium-doped fiber. The laser consists of a seed source, a two-stage fiber amplifier, and a pulse com-
pression section. The seed source is a single-walled carbon nanotube (SWCNT) mode-locked erbium-doped fiber la-
ser, which uses a two-segment spliced erbium-doped fiber as the gain medium. This design effectively achieves intra-
cavity dispersion management and spectral broadening by introducing complementary dispersion. In the amplifier
section, the first-stage fiber amplifier employs forward pumping, while the second-stage uses bidirectional pumping.
The amplified pulses are compressed using only 2. 0 m of single-mode fiber, ultimately producing femtosecond pulses
with a spectral bandwidth of 78. 39 nm, a pulse width of 49 fs (fitted with a Sech® profile) , a maximum average out-
put power of 145.5 mW after the two-stage amplification, a corresponding peak power of 65.3 kW, and a single-

pulse energy of 3. 20 nJ.
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Fig.1  Experimental setup for measuring the nonlinear saturable absorption of the SWCNT/NaCMC composite
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Fig.2  Characterization of the nonlinear saturable absorption of

SWCNT/NaCMC : Experimental data and fitting curve
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Tab. 1 Optical fiber parameters of the SWCNT mode-locked
ultrashort pulse fiber laser
B,/(ps’-km™)* L/m® k/(dB+m™)*
EDF1 -20 0.23 80
EDF2 +61 0.24 80
EDF3 +61 1.8 80
EDF4 +19 0.7 110
SMF-28e -22 6.3 —
0fs980 +1 1.7 —

7 :" B,: the GVD parameter at 1 550 nm; " L: the fiber length; © k: the
peak absorption at 1 530 nm; EDF1: Er80-8/125 (nLIGHT); EDF2
and EDF3: EDF80(OFS, a Furukawa company); EDF4: Er110-4/125
(nLIGHT); SMF-28e: SMF-28e( Corning) o

S v (P LT AR X SO 2% 0 L S S gk
A7 5500 MHz 19 75 9% 2% (Tektronix MDO3054) |
6% 2 BT AL (YOKOGAWA AQ6375) . H A % 4%
(APE PulseCheck 150) .26. 5 GHz i) RF #ii i 53 #7
AL K 3 #3 (Thorlabs PM100D) .

3 #R5i#

MLD1 i T %N 28 mW B AT IR 52
A RS Sh AR, L 40. 72 MHz 19 5 2 45 % A4 i
O ERTE 1562 nm AL G IRFBIBOGLF UL, %
TR 28 mW 8 h = 75 mW BE SC PR RE
I8 RSN S D) R BURTRL K R R L B
KT IBIBL . MR TN 55 mW B B AR
ok wpge e P D3 0. 408 mW ., WA 4(a)



500 K b/

¥R 58471 %

Ji 7 2 SWCNT UL SOE A (9 Jik o 2 510, 1T LA
Jok b 9% W 2 Bl AN K, U BRSSO AR 1 B e BK e
Fe g o [ 4(b) B g BRSO 45 fir th o) =R il
i D 5 10 A A b 26, B 2R S A A3 i i 2
R Kb AR R R PRI R OC R o B ik

(a)

1.0 24.6 ns

0.8

0.6

V/a. u.

04+

02F

-100-80 -60 —-40 -20 0 20 40 60 80 100
t/ns
(c) —
=20 S
pan 13 MHz RBW 1 kHz

SNR=72.9 dB
~60

Intensity/dB

80 F

S poy A

34 36 38 40 42 R 46
Frequency/MHz

P4 (a)BURIE AT XK o 3 515 (b)) i 4 7 4 2y S 88 fik e

Hotik
Fig.4

(d)

-20

-30
5 AA=5.50 nm
?; -40 A =1562 nm
2
g -50f

-60

PO RS G 4 (e) i, 7E S AL 73 BE 2 1 KHz
I F% 5 A5 ik b 4 e 1L T 3K 72. 9 dB, L 5 W bk e EL
Akt B 4(d) fros koot , s 3 dB
9 5.5 nm, iZOGTE PN A 1455 19 Kelly 371
S R 1 AL e IR s o

(b) o - 2.0
6 —@— Output power
06 -@- Single pulse energy e/ 11s
e :
— 05 s
= o9
£ P 116
5 04 9% -
z v &
2 9 114 z
Z 03 - “o g
5 9 =
2 ravd 12 @
E] o [* ) 1.2 [
S 02 o 2
&% o {10 £
g g/ A :
g 01 ]
= / 10.8
0 o
10.6
-0.1 L " | L L

20 30 40 50 60 70 80
Pump power/mW

_710500 1520 1540 1560 1580 1600 1620
A/nm

AE 5 (o) 13MHz B R 09 S50 5 (d) B A2 58 32 47 I 4
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Fig.5 Mode-locked optical spectra from the seed source employing (a)EDF1 and (b)EDF1+EDF2 as the gain medium
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